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Abstract: A 3.6W/1484nm CW cascaded phosphosilicate 
fiber Raman laser pumped by Yb-DCFL is reported. The 
threshold pump power, slope efficiency and conversion 
efficiency are 1.3W, 33.4% and 30%, respectively.  
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1. INTRODUCTION
The lasers at 14xxnm are ideal sources for pumping 
discrete/distributed Raman fiber amplifiers (RFAs) and 
Er3+-doped fiber amplifiers (EDFAs) in long-haul 
telecommunication systems. However, only several hundreds 
of milliwatts laser diodes at this band are available currently. 
Raman fiber lasers (RFLs), specially phosphosilicate RFLs, 
provide another choice for high power source at 14xxnm band.  
Recently phosphosilicate RFLs are widely investigated 
theoretically and experimentally due to their attractive 
applications in optical communication and sensors. The larger 
Stokes shift (~1330cm-1) of phosphosilicate fibers than 
germanosilicate fibers (~440cm-1) provides many advantages 
for the design of RFLs. A smaller number of cascades are 
demanded for the phosphosilicate RFLs to generate the same 
laser radiation while using the same pump wavelength. For 
instance, only two cascades for 1.48 m are required with 1 m
laser as a pump. Since E. M. Dianov et al.[1] reported the first 
cascaded phosphosilicate RFL with about 1W output power at 
1484nm pumped by 8W/1064nm Nd:YAG laser in 1997, 
significant progresses have been obtained by different groups. 
In 1999, V. I. Karpov et al. [2] developed an all-fiber 1.48 m
Raman fiber laser with output power of about 1W. In 2000, N. 
S. Kim et al. [3] reported a CW 1.36W/1484 nm Raman fiber 
laser using 8.4W/1064 nm Yb-doped double-clad fiber laser 
as a pump. In 2004, Z. Xiong et al. [4] reported a 
6.66W/1495nm phosphosilicate Raman  fiber  laser with 
pump power of 18W.  
The authors developed a highly efficient 800mW/1484nm 
RFL using LD-pumped 1064nm/Nd:YVO4 laser in 2006 [5] 
and recently the output power is upgraded to 1.15W in the 
same laser setup [6]. In this paper, a 3.6W/1484nm cascaded 
phosphosilicate Raman fiber laser pumped by a 1064 nm CW 
Yb-doped dual-cladding fiber laser is reported.  
2. EXPERIMENTS AND RESULTS
Figure 1 shows the configuration of cascaded 
phosphosilicate RFL used in our experiments. The 
Fabry-Perot resonant cavities for the first-order and the 
second-order Stokes radiations consist of FBG1 and FBG4, 
FBG2 and FBG3 respectively. The use of an additional 
grating FBG0 with a Bragg wavelength at the pump 
wavelength yields a double-pass pumping scheme. The 
reflectivity of FBG0 at 1064nm, FBG3 at 1484nm, FBG1 and 
FBG4 at 1239nm are higher than 99%. The reflectivity of 
FBG2 is 12.5% at 1484nm, which allow couple a part of the 
second-order Stokes radiation out of the cavity. Raman gain 
medium is 1km phosphosilicate fiber fabricated by Fiber 
Optic Research Center of Russia. The Raman fiber has loss 
coefficients of 1.8dB/km at 1060nm, 1.16dB/km at 1240nm, 
1.0dB/km at 1480nm and Raman gain coefficient of 1.31×10-3
W-1m-1 for 1064nm pump and 0.95×10-3 W-1m-1 for 1240nm 
pump. The splicing losses in all splicing points are less than 
0.02dB. 
Fig.1 Schematic of the cascaded phosphosilicate Raman fiber laser
A 20W CW Yb-doped DCFL at 1064 nm is used as the 
pump. The pump beam is coupled to Raman cavity using an 
objective lens with magnification multiples 10 and NA of 
0.25. A 99:1 coupler is used to monitor the pump power 
launched to the cavities. By adjusting carefully, more than 
60% coupling efficiency can be obtained.  
In order to distinguish the residual pump, the first-order 
Stokes and the second-order radiations, two prisms are used 
to disperse them at output end. Total laser output power is up 
to 4.58W while launched pump power is 12W. Fig. 2 shows 
the dependency of output power on launched pump power. 
The maximum output power of the second Stokes wave is up 
to 3.6W, which corresponds to optical-optical conversion 
efficiency 30%. The threshold pump power is about 1.3W. 
The slope efficiency is 33.4%. Instability of the laser was also 












the maximum output power, the fluctuation of power for 
1484nm is observed to be less than 5% in two hour. 
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Fig. 2. Output power of the cascaded phosphosilicate Raman fiber 
laser versus launched pump power (scatter: experimental values; 
dash line: theoretical values) 
















Fig. 3. Output spectra of the cascaded phosphosilicate fiber Raman 
laser
Figure 3 shows the output spectra of the RFL measured by 
the ADVANTEST Q8384 optical spectrum analyzer. As 
shown in this Fig., the output laser beam comprises the 
residual pump, first- and second-order Stokes radiations. As a 
result of using FBG0, output residual pump power is very 
small. However, output power of the first Stokes wave is still 
large although FBG1 is highly reflective, which can be 
explained as spectral broadening of the first Stokes radiation 
results that a part of light leak from the cavity. The spectral 
broadening effects for the first-order Stokes radiations will 
remarkably reduce the effective reflectivity of FBG1 and 
FBG4 and result in a decrease of power conversion efficiency. 
The spectral broadening mechanism is still a researching issue 
about RFL. Several attempts to model the RFL by considering 
the spectral broadening effect have been carried out and the 
four-wave mixing (FWM) influence on the spectrum of RFL 
has also been indicated [7-9]. Recently, a more precise 
wave-turbulence approach for the description of the spectral 
broadening of the Raman laser radiation shows the 
quasi-degenerate FWM between different longitudinal modes 
is the main broadening mechanism in the one-stage RFL at 
high powers and square-root law for the output spectrum 
broadening law is discovered [10-12].  
3. CONCLUSIONS
A high power phosphosilicate Raman fiber laser with CW 
output power of 3.6W at 1484 nm pumped by 20W/1064nm 
Yb-doped dual-cladding fiber laser (about 12W is injected 
into Raman cavity) is developed. The threshold pump power 
for the second-order Stokes radiation is measured to be 1.3W. 
The conversion efficiency and slope efficiency is as high as 
30% and 33.4%, respectively. Additionally, the power 
instability of the phosphosilicate Raman fiber laser at 1484 
nm in two hour was observed to be less than 5%.  
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